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METHOD FOR FABRICATING A 
SEMICONDUCTOR DEVICE IN A 

MAGNETRON SPUTTERING SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to a magnetron sputtering 
system suitable for fabrication of a semiconductor device, 
and a method of fabricating a semiconductor device using 
the system. 

Recently, there is a requirement to loWer resistance and 
increase operational speed of semiconductor devices. To 
meet such a requirement, a self-aligned silicide (SALICIDE) 
process for forming a loW resistance silicide ?lm on a gate 
and source/drain regions in self-alignment is being exam 
ined and practically used. In this technique, since Ti and TiN 
have been already used in the existing process, it is expected 
to use TiSi2 as a silicide material in terms of self-alignment. 

The use of TiSi2 hoWever, has a problem on a so-called 
?ne-line dependent effect. That is, in the case Where TiSi2 is 
formed on a ?ne interconnection, a sheet resistance gradu 
ally increases With a reduction in the line Width of the 
interconnection. The ?ne-line dependent effect becomes 
signi?cant for an interconnection having a line Width of 1 
pm or less, and therefore, it Will bring a large problem for the 
future devices With ?ner-line geometries. 
On the other hand, a silicide such as CoSi2 or NiSi does 

not exhibit such a ?ne-line dependent effect, and therefore, 
it is being actively examined as a silicide material used for 
the salicide process. 

HoWever, since Co or Ni has been little used as a material 
for a semiconductor process, it is inconvenient in terms of 
matching With the existing process, and further, since such 
a material is a ferroelectric substance, a ?lm of the material 
is dif?cult to be formed by, for example, a magnetron 
sputtering system generally used for ?lm formation of Ti, Al 
or the like in the semiconductor process. 

To generate a high density plasma for increasing a ?lm 
formation rate, a related art magnetron sputtering system has 
a con?guration shoWn in FIG. 5, in Which magnets 2 are 
disposed on a back surface of a target 1 for alloWing a 
magnetic ?ux generated by the magnets 2 to be in parallel to 
a front surface of the target 1 as accurately as possible. When 
a voltage is applied in such a state, electrons exhibit a 
cycloidal motion as shoWn in FIG. 6. Consequently, as 
compared With a tWo-pole type DC sputtering system With 
no magnet, the frequency of collision of the electrons With 
a discharge gas in the vicinity of the front surface of the 
target 1 is signi?cantly increased, to thereby generate a high 
density plasma. In FIG. 5, reference numeral 3 indicates a 
Wafer to be processed; 4 is a Wafer holder; 5 is a shield; 6 
is a target stage for ?xing the target 1 and ?xedly containing 
the magnets 2; 7 is a motor for rotating the magnets 2; and 
8 is an AC poWer supply for operating the motor 7. 

For the target 1 made from a ferroelectric substance as 
described above, hoWever, as shoWn in FIG. 7, part of an 
external magnetic ?eld A2 is canceled by a magnetic ?eld A1 
due to spontaneous magnetiZation, so that a surface mag 
netic ?eld of the target 1 becomes Weak. As a result, When 
compared With sputtering using a paramagnetic substance, 
the generated plasma becomes Weaker, failing to achieve 
sufficient ?lm formation. 

On the other hand, there is knoWn a magnetron sputtering 
system of a type in Which the magnets 2 are rotated for 
improving uniformity of the ?lm formed by the system. In 
such a system, hoWever, there occur eddy currents on the 
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2 
surface of the target 1 due to rotation of the magnets 2 as 
shoWn in FIG. 8. The occurrence of such eddy currents 
create a magnetic ?eld to Weaken the surface magnetic ?eld 
of the target 1. Accordingly, for the target 1 made from a 
ferroelectric substance, the plasma becomes Weaker, failing 
to achieve suf?cient ?lm formation. 

Such a phenomenon causes even for the target 1 made 
from Ti, Al, or the like different from the ferroelectric 
substance; hoWever, in this case, since the surface magnetic 
?eld is not Weakened as described above, it does not obstruct 
?lm formation. On the contrary, for the target made from a 
ferroelectric substance, the surface magnetic ?eld is Weak 
ened as shoWn in FIG. 7, and thereby generation of plasma 
is also Weakened. Consequently, generation of a magnetic 
?eld due to eddy currents largely obstructs ?lm formation of 
a ferroelectric substance. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a mag 
netron sputtering system enabling ?lm formation of a fer 
roelectric substance by suppressing occurrence of a mag 
netic ?eld due to eddy currents. 

Another object of the present invention is to provide a 
method of fabricating a semiconductor device, enabling ?lm 
formation of a silicide of a ferroelectric substance using the 
above magnetron sputtering system. 
To achieve the ?rst object, according to the present 

invention, there is provided a magnetron sputtering system 
including: a ?at target; magnetic ?eld applying means, 
provided in the vicinity of a back surface of the target, for 
applying a magnetic ?eld to a front surface of the target; and 
magnetic ?eld rotating means for rotating the magnetic ?eld 
applying means so as to rotate the magnetic ?eld applied to 
the front surface of the target; Wherein the magnetic ?eld 
rotating means is provided With rotational speed varying 
means for varying a rotational speed of the magnetic ?eld 
applied by the magnetic ?eld rotating means. 

In this magnetron sputtering system, the rotational speed 
of a magnetic ?eld applied by the magnetic ?eld rotating 
means can be suitably set by the rotational speed varying 
means in such a manner as not to cause a large eddy current 

on the surface of the target. As a result, even in the case of 
using the target made from a ferroelectric substance, it is 
possible to suppress the magnetic ?eld from being Weakened 
due to occurrence of the eddy current, and hence to stably 
generate a high density plasma. 
The magnetron sputtering system is thus alloWed to 

uniformly form a ?lm of a ferroelectric substance such as Co 
or Ni, and hence to easily realiZe ?lm formation of a 
ferroelectric material by the magnetron sputtering system 
Which has been not adopted by the related art fabrication 
process for a semiconductor device. 

Further, in this magnetron sputtering system, the rota 
tional speed of the magnetic ?eld can be suitably set 
depending on the kind of the target material; consequently, 
for example, ?lms of a paramagnetic substance and a 
ferroelectric substance are easily formed in sequence using 
the same cathode only by exchanging the targets made from 
these substances from each other and setting the rotational 
speed depending on the kind of the exchanged target mate 
rial. 

To achieve the second object, according to the present 
invention, there is provided a method of fabricating a 
semiconductor device, including the steps of: forming a ?lm 
of a ferroelectric substance on a polysilicon gate formed on 
a silicon substrate and on source and drain regions formed 
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on a surface layer portion of the silicon substrate by sput 
tering using the above magnetron sputtering system; and 
forming a silicide layer on surface layer portions of the 
polysilicon gate, source region and drain region by anneal 
ing the substrate. 

According to this method of fabricating a semiconductor 
device, a ?lm of a ferroelectric substance such as Co or Ni 
is formed on a polysilicon gate and on source and drain 
regions formed on a surface layer portion of a silicon 
substrate. As a result, it is possible to uniformly form the 
ferroelectric ?lm to a suf?cient thickness, and hence to form 
a uniform silicide layer by the subsequent annealing. The 
fabrication method is thus alloWed to form a uniform silicide 
layer having a loW resistance Without the ?ne-line dependent 
effect, and hence to fabricate a high speed semiconductor 
device With a high reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vieW of a con?guration of a ?rst 
embodiment of a magnetron sputtering system of the present 
invention; 

FIG. 2 is a circuit diagram used for a speed controller; 
FIG. 3 is a schematic vieW of a con?guration of a second 

embodiment of the magnetron sputtering system of the 
present invention; 

FIGS. 4A to 4D are sectional vieWs of an essential portion 
of a semiconductor device illustrating one embodiment of a 
method of fabricating a semiconductor device according to 
the present invention in the order of fabrication steps; 

FIG. 5 is a schematic vieW of a con?guration of one 
example of a related art magnetron sputtering system; 

FIG. 6 is a perspective vieW illustrating the function of the 
related art magnetron sputtering system; 

FIG. 7 is a typical vieW illustrating a problem of the 
related art magnetron sputtering system; and 

FIG. 8 is a perspective vieW illustrating another problem 
of the related art magnetron sputtering system. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Hereinafter, preferred embodiments of the present inven 
tion Will be described in detail With reference to the accom 
panying draWings. 

FIG. 1 is a schematic vieW shoWing a ?rst embodiment of 
a magnetron sputtering system of the present invention. In 
this ?gure, reference numeral 10 generally indicates a mag 
netron sputtering system. The magnetron sputtering system 
10 is different from the magnetron sputtering system shoWn 
in FIG. 5 in that it is provided With a speed controller 11 for 
varying a rotational speed of a motor 7. 

The magnetron sputtering system 10 includes a ?at target 
1; magnets (magnetic ?eld applying means) 2 provided in 
the vicinity of a back surface of the target 1; a motor 
(magnetic ?eld rotating means) 7 connected to the magnets 
2 through a mounting plate 12 and a shaft 13; and the speed 
controller 11 for varying the number of rotations of the 
motor 7, that is, controlling the number of rotations 
(rotational speed) of the motor 7. In this system, a high 
density plasma can be generated by applying a magnetic 
?eld on the front surface of the target 1 by the magnets 2, and 
uniformity of a ?lm formed by sputtering can be achieved by 
rotating the magnets 2, that is, the magnetic ?eld applied 
from the magnets 2. 

The speed controller 11, Which constitutes the rotational 
speed varying means of the present invention, is provided 
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4 
betWeen an AC poWer supply 8 and the motor 7. The speed 
controller 11 is composed of, for example, a circuit using a 
semiconductor element 14 called a triac shoWn in FIG. 2. 
The circuit is adapted to control the number of rotations 
(rotational speed) of the motor 7 by adjusting a timing at 
Which a voltage is applied to the motor 7. The semiconductor 
element 14 in this circuit has the folloWing con?guration: 
The semiconductor element 14 keeps cut-off of the cur 

rent until the current is applied to a gate G, and once the 
current is applied to the gate G, the circuit is closed. The 
state is kept until the voltage becomes Zero and the current 
also becomes Zero after termination of the half-cycle of the 
alternating current. HoWever, as the voltage is shifted from 
a positive value to a negative value, the triac (semiconductor 
element 14) cuts off the circuit again, and it does not alloW 
the current to How betWeen terminals T1 and T2 until the 
current is applied to the gate G again. 
The circuit using the semiconductor element 14, 

accordingly, adjusts an effective voltage applied to the motor 
at a value loWer than the source voltage by adjusting, using 
the resistance 15, a period of time elapsing from a time point 
at Which the voltage passes through Zero to a time point at 
Which the current is applied to the gate G. Thus, the circuit 
controls the speed of the motor 7 (single-phase AC motor in 
this example). 

In ?lm formation using the magnetron sputtering system 
10 having the above con?guration, the dependency of the 
number of rotations (rotational speed) of a magnetic ?eld on 
various factors depending on the kind of the target 1 used is 
predetermined by experiments or the like, and the number of 
rotations of the magnetic ?eld matching With the required 
?lm quality is set and thus the number of rotations of the 
motor 7, that is, the number of rotations of the magnetic ?eld 
due to the magnets 2 is controlled by the speed controller 11. 
Here, the factors depending on the kind of the target 1 
include stability of plasma, ?lm formation rate, uniformity 
of the ?lm obtained, and the like. Accordingly, the number 
of rotations of the motor 7 is set for controlling these factors 
so as to obtain the required ?lm quality. 

In the magnetron sputtering system 10, the magnetic ?eld 
can be rotated at the most suitable number of rotations 
depending on the kind of the target 1 on the basis of the 
dependency of the number of rotations of the magnetic ?eld 
predetermined by experiments or the like. For example, in 
the case Where ?lm formation is performed using the target 
made from a ferroelectric substance such as Co or Ni, the 
number of rotations of the magnetic ?eld can be set, by the 
speed controller 11, at the most suitable value not to generate 
large eddy currents on the surface of the target. Thus, it is 
possible to suppress the magnetic ?eld from being Weakened 
due to occurrence of eddy currents and hence to stably 
generate a high density plasma and achieve uniform ?lm 
formation. 
With respect to the dependency of the number of rotations 

of the magnetic ?eld on the above factors, it is desired to 
make smaller the number of rotations of the motor 7 for the 
stability of plasma and ?lm formation rate, and also it is 
desired to make larger it for the uniformity of the ?lm. 

Although the motor 7 shoWn in FIG. 1 is of the AC type, 
it may be of a DC type. 

FIG. 3 is a schematic vieW shoWing a second embodiment 
of the magnetron sputtering system of the present invention. 
In FIG. 3, reference numeral 20 generally indicates a mag 
netron sputtering system Which is different from the mag 
netron sputtering system 10 in that the speed controller 11 as 
the rotational speed varying means for varying the rotational 
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speed of the motor (magnetic ?eld rotating means) 7 is 
replaced With an invertor 21. 

Like the speed controller 11, the invertor 21 is disposed 
betWeen the AC poWer supply 8 and the motor 7, and it 
varies the number of rotations (rotational speed) of the 
motor 7 by changing the frequency of a current supplied 
from the AC poWer supply 8, to thereby control the number 
of rotations (rotational speed) of the magnetic ?eld applied 
by the magnets 2. 

Accordingly, even for the magnetron sputtering system 
20, the magnetic ?eld can be rotated at the most suitable 
number of rotations depending on the kind of the target 1 on 
the basis of the dependency of the number of rotations of the 
magnetic ?eld predetermined by experiments or the like, to 
stably generate a high density plasma, thereby achieving 
uniform ?lm formation. 

In particular, the use of the invertor 21 alloWs the poWer 
to be ef?ciently converted, and consequently, as compared 
With the magnetron sputtering system 10 using the speed 
controller 11, it is possible to eliminate a reduction in torque 
due to loWering of the rotational speed. 

Next, one embodiment of a method of fabricating a 
semiconductor device Will be described. 

FIGS. 4A to 4D are vieWs illustrating one embodiment of 
the method of fabricating a semiconductor device according 
to the present invention, Wherein the salicide process is 
performed using the magnetron sputtering system 10 or 20 
shoWn in FIG. 1 or 3. In this embodiment, a loW resistance 
silicide ?lm, Which is made from CoSi2 (cobalt silicide) not 
exhibiting the ?ne-line dependent effect, is formed on a gate 
and source and drain regions. 

Referring ?rst to FIG. 4A, LOCOS regions 41 are formed 
on a surface layer portion of a silicon substrate 40 by a 
knoWn process, and a gate electrode 42 made from poly 
silicon and side Walls 43 are formed on the silicon substrate 
40. Then, ions of an impurity are doped and diffused in the 
surface layer portion of the silicon substrate 40 by ion 
implantation and the like, to form a source region 44 and a 
drain region 45. 
A Co ?lm 46 is formed on the silicon substrate 40 by 

sputtering to a thickness of about 10 nm in such a manner as 
to cover the gate electrode 42, source region 44, and drain 
region 45 as shoWn in FIG. 4B. The sputtering is performed 
by the magnetron sputtering system 10 or 20 using a C0 
plate as the target 1 in the folloWing condition: 

Formation Condition of Co Film 
DC poWer: 0.8 kW 
pressure: 0.4 Pa 
?oW rate of gas: heater gas 30 sccm process gas 

(Ar) 60 sccm 
substrate heating temperature: 150° C. 

With respect to the number of rotations of the motor 7, 
that is, the number of rotations of the magnetic ?eld by the 
magnets 7 upon ?lm formation of the Co ?lm 46, the 
stability of plasma, ?lm formation rate, and uniformity of 
the ?lm are previously evaluated by changing the number of 
rotations of the magnets 2, and the most suitable value is 
selected. In addition, the heater gas is supplied to heat the 
substrate and is kept at temperature of 150° C. 

The silicon substrate 40 is then put in a RTA system, and 
is subjected to a ?rst heat-treatment (annealing) in a nitrogen 
atmosphere at a temperature of 450 to 550° C. for 30 
seconds. In this heat-treatment, the Co ?lm 46 reacts With 
the polysilicon forming the gate electrode 42 and the silicon 
forming the source region 44 and the drain region 45, to 
form a cobalt silicide layer 47 as shoWn in FIG. 4C. It should 
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6 
be noted that the cobalt silicide layer 47 formed by the ?rst 
heat-treatment has a CoSi phase because the heat-treatment 
temperature is loW (450 to 550° C.). 
As shoWn in FIG. 4D, the unreacted Co ?lm 46 on the 

LOCOS regions 41 and the side Walls 43 is removed by 
Wet-etching for 3 minutes using a mixture of sulfuric acid 
and hydrogen peroxide (H2SO4:H2O2=4:1) kept at 70° C. as 
a processing chemical. 

Then, the silicon substrate 40 is subjected to a second 
heat-treatment (annealing) in a nitrogen atmosphere at a 
temperature of 650 to 800° C. for 30 seconds. In this 
heat-treatment, the cobalt silicide layer 47 is phase 
converted from the CoSi phase into a CoSi2 phase. The 
CoSi2 phase exhibits the loWest resistance among the phases 
of the Co silicide. 

In this process, since ?lm formation is performed using 
the magnetron sputtering system 10 or 20 in a condition in 
Which the number of rotations of the motor 7, that is, the 
number of rotations of the magnetic ?eld by the magnets 2 
is most suitably controlled, it is possible to uniformly form 
a ?lm of cobalt as a ferroelectric substance on the silicon 

substrate 40 to a suf?cient thickness, and hence to form the 
uniform cobalt silicide layer 47 made from CoSi2 exhibiting 
a loW resistance Without the ?ne-line dependent effect by the 
subsequent annealing. 

Although the silicide layer is represented by the cobalt 
silicide layer 47 in this embodiment, the present invention is 
not limited thereto. For example, a nickel silicide (NiSi) 
layer can be similarly formed as the silicide layer. In this 
case, a Ni plate is used as the target 1 in the magnetron 
sputtering system 10 or 20, and a Ni ?lm is formed in the 
same condition as that for formation of the Co ?lm. 
HoWever, the thickness of the Ni ?lm may be set at about 20 
nm. Further, since the Ni silicide is not required to be 
phase-converted differently from the Co silicide, only one 
heat-treatment by RTA (annealing) for forming NiSi may be 
performed, for example, in a nitrogen atmosphere at a 
temperature of 400 to 600° C. for 30 seconds. 

While the preferred embodiment of the present invention 
has been described using speci?c terms, such description is 
for illustrative purposes only, and it is to be understood that 
changes and variations may be made Without departing from 
the spirit or scope of the folloWing claims. 
What is claimed is: 
1. A method of fabricating a semiconductor device com 

prising the steps of: 
providing a silicon substrate having a polysilicon gate on 

a surface of the substrate With source and drain regions 
in the surface of the substrate; 

providing a magnetron sputtering system having a ?at 
target of a ferromagnetic material consisting of cobalt, 
magnetic ?eld applying means in the vicinity of a back 
surface of the target to apply magnetic ?eld to a front 
surface of the target, magnetic ?eld rotating means to 
rotate said magnetic ?eld applying means so that the 
magnetic ?eld on the front surface of the target is 
rotated, and means to suppress eddy currents on the 
front surface of the target by varying the rotational 
speed of the magnetic ?eld rotating means; 

positioning the substrate in the sputtering system; 
forming a ?lm of cobalt on the polysilicon gate and the 

source and drain regions by sputtering While rotating 
the magnetic ?eld at a rotational speed selected for 
cobalt; 

forming a cobalt silicide layer out of the cobalt ?lm on 
surface layer portions of said polysilicon gate, source 
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region and drain region by annealing said substrate, front surface of the target by varying the rotational 
said annealing being in tWo steps separated by a Wet speed of the magnetic ?eld rotating means; 
etching step With the ?rst annealing step being at a providing a silicon substrate having a polysilicon gate on 
temperature range of 450° to 550° C, for 30 seconds a surface of the substrate With source and drain regions 
and the second annealing step being at a range of 650° 5 in the Surface of the Substrate; 
to 800° C. for 30 seconds. positioning the substrate in the sputtering system; 

2. A method of fabricating a semiconductor device com- forming a ?lm of nickel on the polysilicon gate and the 
prising the steps Ofi source and drain regions by sputtering While rotating 

providing a magnetron sputtering system having a ?at the magnetic ?eld at a rotational rate for nickel; 
target of a ferromagnetic material consisting of nickel, 10 forming a nickel silicide layer of the nickel ?lm on surface 
magnetic ?eld applying means in the vicinity of a back 
surface of the target to apply a magnetic ?eld to a front 
surface of the target, magnetic ?eld rotating means to 
rotate said magnetic ?eld applying means so that the 
magnetic ?eld on the front surface of the target is 
rotated, and means to suppress eddy currents on the 

15 

layer portions of said polysilicon gate, source region 
and drain region by annealing said substrate in a single 
step at a temperature range of 400° to 600° C. for 30 
seconds. 


